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FRQVWUXFWLRQRIGHJUDGDWLRQPRGHOVDUH WKH OLQHDUH[WUDSRODWLRQ WKHVWDWLVWLFDO UHJUHVVLRQV WKHVWUXFWXUDO
UHOLDELOLW\ PRGHOV WKH UDQGRP YDULDEOH SUREDELOLW\ GLVWULEXWLRQV 0DUNRY FKDLQV DQG H[SHUW V\VWHPV
7KHVHWHFKQLTXHVFDQEHFODVVLILHGDFFRUGLQJ WRWKHGHJUHHRINQRZOHGJHPRGHOHGRQWR WKHGHJUDGDWLRQ
PHFKDQLVP IURP WKHSXUH VWDWLVWLFDODSSURDFKHVZLWKRXWDQ\GHJUDGDWLRQFRQVLGHUDWLRQ WR WKH VWUXFWXUDO
UHOLDELOLW\PRGHOV EDVHG RQ ERWK WKH H[SODQDWLRQ RI WKH VWUHVVVWUHQJWK UHODWLRQVKLS DQG WKHPHFKDQLFDO
SURSHUWLHV RI WKH FRQVLGHUHG PDWHULDO  2QH RI WKH LVVXHV LQ GHJUDGDWLRQ PRGHOLQJ IRU PDLQWHQDQFH
RSWLPL]DWLRQLVWRSURYLGHWKHEHVWWUDGHRIIEHWZHHQWKHGHJUDGDWLRQILWQHVVDQGWKHJXDUDQWHHRIVROYLQJ
WKHFRPSOH[GHFLVLRQRSWLPL]DWLRQSUREOHP






FRQGLWLRQ DQG WKH DJH RI WKH V\VWHP DQG DQ LQH[WULFDELOLW\ RI WKH RSWLPL]DWLRQ SUREOHP1LFRODw HW DO

3DYHPHQWVWUXFWXUHLVPDGHXSRIVHYHUDOOD\HUVDQGLWVGHJUDGDWLRQLVXVXDOO\EURNHQGRZQLQWRWZR
PDLQ FDWHJRULHV VXUIDFLQJ DQG VWUXFWXUDO GHWHULRUDWLRQ ,Q WKLV FRPPXQLFDWLRQ ZH IRFXV RQ WKH
ORQJLWXGLQDO FUDFNLQJ ZKLFK LV WKH SULPDU\ LQGLFDWRU WKDW PDWWHUV LQ SDYHPHQW PDLQWHQDQFH SROLF\
$OWKRXJK ORQJLWXGLQDO FUDFNLQJ LV IROORZHG XS LQ VXUIDFH E\ KLJKHIILFLHQF\ SDYHPHQW HYDOXDWLRQ
HTXLSPHQW WKH FUDFNLQJ SURFHVV RIWHQ VWDUWV LQ ORZHU OD\HUV HVSHFLDOO\ LQ WKH FDVH RI ORQJLWXGLQDO
FUDFNLQJ&RQVHTXHQWO\WKHPRGHOOLQJRIFUDFNLQJSURFHVVLQRUGHUWRSUHGLFW WKHSDYHPHQWHYROXWLRQLQ
ORQJ WHUP FRPHV XS DJDLQVW WKH ODFN RI NQRZOHGJH RI WKH LQLWLDWLRQ RI FUDFNLQJ+HQFHIRUWK VWDWLVWLFDO
DSSURDFKHVDUHRIWHQFKRVHQWRWDNHLQWRDFFRXQWWKHXQNQRZQYDULDELOLW\RIWKHFUDFNLQJSURFHVV/HURX[
.KUDLEDQL
7KHREMHFWLYHRI WKLVFRPPXQLFDWLRQ LV WR LPSURYH WKHDSSOLFDELOLW\ LQDQRSHUDWLRQDOFRQWH[WRI WKH
GHJUDGDWLRQPRGHOSURSRVHGLQ=RXFKHWDOD7KHPDLQLGHDRIWKHPRGHOLVWRDGGLQIRUPDWLRQRQ
WKH VWDWHRI WKHXQGHUO\LQJ URDG OD\HUVE\ LQWHJUDWLQJDQ LQVWDQWDQHRXV'HJUDGDWLRQ*URZWK5DWH7KHLU
DSSURDFK LV VLPLODU WR WKH 0DUNHUV DSSURDFK GHYHORSHG LQ WKH 5HOLDELOLW\ WRSLF IRU VWXG\LQJ WKH
UHODWLRQVKLSEHWZHHQREVHUYDEOHVDQGIDLOXUHVSLQ6LQJSXUZDOOD(YHQLIWKHLUPRGHOSUHVHQWV
VHYHUDODGYDQWDJHVRQHRI WKHPDLQ LVVXHV UHPDLQV LWV ODFNRIDSSOLFDELOLW\ LQDQRSHUDWLRQDOSDYHPHQW
PDQDJHPHQW7ZRLVVXHVRILPSURYHPHQWDUHGLVFXVVHGKHUH
7KHUHPDLQGHURIWKLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQSURYLGHVDSURVDQGFRQVDQDO\VLVRI
WKH ELYDULDWH FUDFNLQJ PRGHO IRU PDLQWHQDQFH RSWLPL]DWLRQ 6HFWLRQ  SUHVHQWV WKH QHZ PRGHO DQG D
GLVFXVVLRQ RQ WKH VWDWLVWLFDO HVWLPDWLRQ SURFHGXUH 6HFWLRQ  LV GHYRWHG WR KLJKOLJKW WKH EHQHILWV RI WKH
DSSURDFKLQGHFLVLRQPDNLQJ:HSURSRVHWRSUHVHQWWKHVHEHQHILWVVXFKVRPH³JRRGSUDFWLFHV´IRUERWK
WKH FRQVWUXFWLRQ RI QHZ GHJUDGDWLRQ PRGHOV DQG IXWXUH GDWD FROOHFWLRQ )LQDOO\ ZH FRQFOXGH WKLV
FRPPXQLFDWLRQE\WKHSUHVHQWDWLRQRIWKHIXWXUHZRUN
$QDO\VLVRIWKHELYDULDWHFUDFNLQJPRGHO
$IWHU D EULHI GHVFULSWLRQ RI WKH WKHRUHWLFDO GHJUDGDWLRQPRGHO SUHVHQWHG LQ =RXFK HW DO ZH
SURSRVHILUVW WRUHVXPHWKHVWUHQJWKVRIWKHLUPRGHODQGZHDQDO\]HVRPHDVSHFWVZKLFKFDQEHVHHQDV
ZHDNQHVVHVIRUWKHRSHUDWLRQDOLPSOHPHQWDWLRQ
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7KH PDLQ FRQWULEXWLRQ RI WKH =RXFK HW DO D GHJUDGDWLRQ PRGHO LV WKH GHILQLWLRQ RI D QHZ
ELYDULDWHVWRFKDVWLFPRGHOGHILQHGE\WKHREVHUYDEOHFUDFNLQJLQIRUPDWLRQFRQWDLQHGLQWKHH[LVWLQJURDG
GDWDEDVHV DQG D QHZ QRQ REVHUYDEOH YDULDEOH FDOOHG'HWHULRUDWLRQ*URZWK 5DWH '*5 7KLV '*5 LV
GHILQHGDVDQLQVWDQWDQHRXVSRWHQWLDOFUDFNLQJIXQFWLRQRIWKHVWDWHVRIWKHEDVHPHQWOD\HUVDQGPRGHOHG





JDPPD SURFHVV XVHG IRU GHJUDGDWLRQ PRGHOLQJ WR ILW WKH VSHFLILF QRQ OLQHDU EHKDYLRU RI WKH FUDFNLQJ
LQGLFDWRU)XUWKHUPRUHGLIIHUHQWZRUNVKDYHEHHQGRQHIRUWDNLQJLQWRDFFRXQWWKHQRQREVHUYDWLRQRIWKH
'*5LQWKHPDLQWHQDQFHGHFLVLRQIUDPHZRUN=RXFKHWDOE
7KH LQWURGXFWLRQ RI WKH'*5SUHVHQWV VHYHUDO DGYDQWDJHV )LUVW WKHLUPRGHO DOORZV WR HQVXUH VRPH
PDWKHPDWLFDOSURSHUWLHVRQWRWKHJDPPDSURFHVVZKLFK MXVWLI\ LWV LQWHUHVW LQ WKHFXPXODWHGGHJUDGDWLRQ
PRGHOLQJ6HFRQGO\ WKHWLPHVWDWLRQDU\SURSHUW\ZKLFKLVHTXLYDOHQWWRWKHQRQGHSHQGHQFHLQWLPHIRU
WKHGHJUDGDWLRQSURFHVVDOORZV WRGHILQHVRPHHIILFLHQWGHFLVLRQUXOHVRQO\EDVHGRQ WKH URDGFRQGLWLRQ
QRLQIRUPDWLRQVXFKDVWKHURDGDJHLVQHHGHG7KHDXWKRUVFODLPDQLPSURYHPHQWLQWKHILWWLQJRIWKH
GHJUDGDWLRQSURFHVVZLWK WKH DGGLWLRQRIH[SHUWNQRZOHGJH LQFOXGLQJ WKH LPSRUWDQFHRI WKHXQGHUO\LQJ
OD\HU FUDFNLQJ 7KLV SRLQW DOVR ILQGV LWV LQWHUHVW LQ WKH PDLQWHQDQFH PRGHOLQJ DQG LWV LPSDFW RQWR WKH
IXWXUH URDGEHKDYLRU/HW UHPLQG WKDWPDLQWHQDQFH OHDGV WR UHVHW WKHFUDFNLQJ LQGLFDWRU WR]HURZLWKRXW
FRQVLGHULQJWKHURDGDVQHZ+HQFHWKHPDLQWHQDQFHHIILFLHQF\ZLOOEHGLUHFWO\PHDVXUDEOHRQWKH'*5
SDUDPHWHU7KHODVWEXWQRWWKHOHDVWDGYDQWDJHRIWKHSURSRVHGPRGHOLVDJHQHUDOIUDPHZRUNWRDVHFWLRQ
WRVHFWLRQ GHFLVLRQ &ODVVLFDO PDLQWHQDQFH PRGHOV DUH RQO\ EDVHG RQ WKH DYHUDJH GHJUDGDWLRQ
FKDUDFWHULVWLFVHVWLPDWHGIURPWKHZKROHVDPSOHDQGSURYLGHJHQHUDOGHFLVLRQUXOHV




QRQ REVHUYDEOH QDWXUH RI WKH LQIRUPDWLRQ JLYHQ E\ WKH '*5 SURFHVV )RU UHGXFLQJ WKH QXPEHU RI
SDUDPHWHUV LQ WKH HVWLPDWLRQ SURFHVV WKH\ SURSRVH WR WDNH EHQHILW RI WKHPDWKHPDWLFDO SURSHUW\ RI WKH
ELODWHUDO JDPPD SURFHVV ZKLFK FDQ EH VHHQ DV WKH GLIIHUHQFH RI WZR LQGHSHQGHQW JDPPD SURFHVVHV
1HYHUWKHOHVVWKLVGHFRPSRVLWLRQFDQOHDGWRFRQIXVLRQLQWKHGHILQLWLRQRIWKHGHJUDGDWLRQJURZWKUDWHE\
EULQJLQJLWFORVHUWRWKHDYHUDJHVSHHGRIGHJUDGDWLRQREVHUYHGRQWKHWLPHLQWHUYDOWKDQDQLQVWDQWDQHRXV







7KH REVHUYDEOH FUDFNLQJ PHDVXUH SURYLGHG E\ WKH FXUUHQW )UHQFK ,451 GDWDEDVH IRU ORQJLWXGLQDO
FUDFNLQJLVWKHOLQHDUSHUFHQWDJHRIFUDFNLQJRIPURDGVHFWLRQV,QLWLDWLRQSKDVHZKHUHQRFUDFNVDUH
REVHUYDEOHRQ WKHURDGVXUIDFHDQGSURSDJDWLRQSKDVHKDYH WREHFRQVLGHUHGIURPDPRGHOLQJSRLQWRI
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YLHZ+HQFH GXULQJ LQLWLDWLRQ SKDVH WKH GHWHULRUDWLRQ LQGLFDWRU UHPDLQV WR ]HUR DQG JURZV GXULQJ WKH
SURSDJDWLRQSKDVHIURPWRZLWKDFODVVLFDO6VKDSHIRUP)LJ
7KH FUDFN LQLWLDWLRQ RQ WKH VXUIDFH LV PRGHOHG DV D KRPRJHQRXV 3RLVVRQ 3URFHVV ZLWK D JLYHQ
RFFXUUHQFHUDWH,QWKHSURSDJDWLRQSKDVHWKHVWDWLRQDU\VWDWHGHSHQGHQWJDPPDSURFHVVGHILQHGLQ=RXFK
HWDODIRUWDFNOLQJWKHQRQOLQHDUWUHQGRIWKHGHJUDGDWLRQFDQEHVHHQDVDVXFFHVVLYHKRPRJHQRXV
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     
ZKHUH WKHH[SUHVVLRQ  LV WKH VKDSH IXQFWLRQRI WKH VWDWHGHSHQGHQW JDPPD
SURFHVV DQGE WKH DVVRFLDWHG VFDOHSDUDPHWHU7KHSDUDPHWHUVDP DQGEP FRQWURO UHVSHFWLYHO\ WKHPRGH
YDOXHDQGWKHVWDQGDUGGHYLDWLRQRIWKHIXQFWLRQ'HJUDGDWLRQUDWHLVIDVWHULQWKHORZGHJUDGDWLRQOHYHOV
DQGLVGHFUHDVLQJWR]HURZKHQLWWHQGVWR5qFKH
/RQJLWXGLQDO FUDFNLQJ SURFHVV UHPDLQV TXLWH VORZ DQG VWDWLRQDU\ LQ WLPH0RUHRYHUZH FRQVLGHU D
VWURQJXQLWWRXQLWYDULDELOLW\WKDWFDQQRWEHWDFNOHGE\WKHVLQJOHSDUDPHWHUGHWHULRUDWLRQPRGHO$XQLW
WRXQLWFRUUHFWLYHIDFWRUT LV LQWURGXFHGDVDPHWULFEHWZHHQ WKHVSHFLILFH[SHFWHGFUDFNLQJEHKDYLRURI
RQHJLYHQURDGVHFWLRQWRWKHH[SHFWHGDYHUDJHEHKDYLRUHVWLPDWHGZLWKWKHHQWLUHVDPSOH7KLVTIDFWRU
FDQQRWEHFRQVLGHUHGDVNQRZQEXWFXUUHQWREVHUYDWLRQJLYHVSDUWLDOLQIRUPDWLRQRQLWVYDOXH7KHTIDFWRU









7KHVH WZR IXQFWLRQV GLUHFWO\ FRPH IURP WKH GHULYDWLRQV RI WKH H[SHFWHG JDPPDGLVWULEXWHG
GHWHULRUDWLRQ JURZWK DQG LWV UHVSHFWLYH YDULDQFH 7KH JDPPD GLVWULEXWLRQ SDUDPHWHUV DUH WKH VKDSH
IXQFWLRQ DQGWKHVFDOHSDUDPHWHUE
)LJVNHWFKHVWKHSUHGLFWLRQRIWKHGHJUDGDWLRQOHYHO DWWJLYHQWKHWZRODVWFRQVHFXWLYHVWDWHVU
DQGU:LWKWKHUDQGUYDOXHVWKHWZRTXDQWLWLHV   UUWPT DQG   UUWT9 DUHFRPSXWHG$IWHU
XSGDWLQJ WKH GHWHULRUDWLRQ ODZ JUHHQ GDVKHGOLQH FXUYH WKH QH[W FUDFNLQJ SHUFHQWDJH
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:LWK WKHVH DVVXPSWLRQV WKH SUREDELOLW\ WUDQVLWLRQ IXQFWLRQ LQ WKHSURSDJDWLRQSKDVH IURPDQ\ VWDWH
WR DQ\ VWDWH  ZLWK  LQ D W WLPH LQWHUYDO FDQ EH
GLUHFWO\ZULWWHQLQUHVSHFWWRWKH%D\HVFRQGLWLRQDOSUREDELOLW\IRUPXOD

    

ZKHUH  LV WKH VWDWHGHSHQGHQW JDPPD GHQVLW\ IXQFWLRQ DQG LV WKH









WKHGHJUDGDWLRQ FKDUDFWHULVWLFV DQG H[SHUW NQRZOHGJH1RWH WKDW WKLV FODVVLILFDWLRQ LV LPSRUWDQW EHFDXVH
WKH\ZLOO EH WKH UHIHUHQFH VHW IRU HVWLPDWLQJ WKH LPSDFWV RI WKH GLIIHUHQWPDLQWHQDQFH DFWLRQV RQWR WKH
GHJUDGDWLRQSURFHVV)RUHDFKVHFWLRQMRIDPW\SHRIURDGZHUHFRUGWKHFUDFNOHYHO DWWLPH DQGWKH
QH[WLQFUHPHQW )LQDOO\WKHVHWRIYDOXHV IRUPVWKHVDPSOH





0/(ZLWKRXWFRQVLGHULQJ WKHTIDFWRU T )RUHDFKRI WKHPFODVVLFDO0/(IRUJDPPDSDUDPHWHUV
VKRXOGEHDGDSWHGLQWZRZD\V
 7KH VWDWHGHSHQGHQFH LQWURGXFHV VRPH QXPHULFDO FRPSOH[LWLHV LQ WKH RSWLPL]DWLRQ SUREOHP
EHFDXVH WKH SUREDELOLW\ GHQVLW\ IXQFWLRQV LQ WKH OLNHOLKRRG DUH IXQFWLRQ RI WKH DQG GR QRW
DOORZWKHVLPSOLILFDWLRQLQWKHH[SUHVVLRQRIWKHORJOLNHOLKRRG
 7KHUYDOXHVDUHERXQGHGE\6RZHKDYHWRFRQVLGHUVRPHWUXQFDWHGJDPPDGLVWULEXWLRQV





QRQPDLQWDLQHG OD\HUVZLOO UHDOO\ LQIOXHQFH WKH IXWXUH FUDFNLQJ SURFHVV )LJ  VNHWFKHV WKH XQGHUO\LQJ
FUDFNLQJSURFHVVIRUDQHZ)LJDDQGEDQGPDLQWDLQHG)LJFDQGGURDGVDQGWKHDVVRFLDWHG
PDLQWHQDQFH LPSDFW ZKHQ WKH WKLFNQHVV RI WKH URDG H UHPDLQV FRQVWDQW (DFK VXEILJXUH UHSUHVHQWV DW
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GLIIHUHQWWLPHDYHUWLFDOFXWRIDURDGVHFWLRQDQGWKHDVVRFLDWHGSHUFHQWDJHFUDFNLQJOHYHODWHDFKGHSWKRI








:H SURSRVH KHUH WR NHHS WKH VDPH DVVXPSWLRQV RQ WKH PDLQWHQDQFH HIILFLHQF\ WKDQ =RXFK HW DO
D 7KH PDLQWHQDQFH GHFLVLRQ FRQVLVWV LQ FKRRVLQJ DQ DFWLRQ LQ D ILQLWH VHW RI DFWLRQV
ZKHUH 0; UHSUHVHQWV WKH 'R 1RWKLQJ '1 GHFLVLRQ DQG WKH
GLIIHUHQWDYDLODEOHUHSDLUV7KHUHSDLUFRVWDQGHIILFLHQF\DUHLQFUHDVLQJLQN2QO\DUHSDLUNFKDQJHVWKH
VWDWHRIWKHURDGWR QRFUDFNRQWKHVXUIDFHDQG ZKHUH GHILQHVWKHVWDWHMXVWEHIRUH
PDLQWHQDQFH7KHGHJUDGDWLRQEHFRPHVD IXQFWLRQRI WKH ODVWSHUIRUPHGPDLQWHQDQFH LH WKHDN DQGEN
SDUDPHWHUVLQWKHJDPPDVKDSHIXQFWLRQUHPDLQFRQVWDQWXQWLOWKHQH[WPDLQWHQDQFH
7KHPDLQWHQDQFHRSWLPL]DWLRQSUREOHPOHDGVILQDOO\WRVHOHFWWKHEHVWDFWLRQIRUHDFKVWDWHRIWKHURDG
IRU PLQLPL]LQJ D ORQJWHUP GLVFRXQWHG PDLQWHQDQFH FRVW 7KH FRQVWUXFWLRQ RI WKH GHFLVLRQ FULWHULD LV
HTXLYDOHQW WR=RXFKHW DO DPRGHO H[FHSW IRU WKH RQHVWHS VWDWH WUDQVLWLRQ IXQFWLRQ VHH(T 
VXEVHFWLRQ0DWKHPDWLFDOGHYHORSPHQWVEDVHGRQ0DUNRY'HFLVLRQ3URFHVVWKHRU\DUHQRWSURSRVHG
LQWKLVFRPPXQLFDWLRQSDSHU:HLQYLWHWKHUHDGHUWRVHH=RXFKHWDOD
)RU KLJKOLJKWLQJ WKH EHQHILWV RI WKH DSSURDFK D QXPHULFDO H[SHULPHQW SUHVHQWHG LQ =RXFK HW DO
D LV GLVFXVVHG KHUH 7KH RSWLPL]DWLRQ SURFHGXUH OHDGV WR WKH FRQVWUXFWLRQ RI RSWLPDO GHFLVLRQ
PDWULFHV RQHPDWUL[SHUHDFKFDWHJRU\RIPDLQWHQDQFH(DFKPDWUL[SURYLGHV WKHRSWLPDOGHFLVLRQ IRU
WKHFXUUHQWFUDFNLQJSHUFHQWDJHUDQGWKHDYHUDJHFUDFNLQJJURZWKLQWKHODVWGHFLVLRQ LQWHUYDO JLYHQ
WKHODVWSHUIRUPHGPDLQWHQDQFHN
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QRW RQO\EDVHGRQ WKH VLQJOH ORQJLWXGLQDO FUDFNLQJFRQGLWLRQEXW RQ D JOREDO QRWDWLRQ V\VWHP LQFOXGLQJ






ODVW VXFFHVVLYH FUDFNLQJ OHYHOV DQG WKH ODVW SHUIRUPHG PDLQWHQDQFH 7KH XVH RI JHQHULF VWRFKDVWLF
SURFHVVHV IRUPRGHOLQJJHQHUDO URDGGHJUDGDWLRQSDWWHUQV VHHPV WRSURYLGH DJRRG WUDGHRII EHWZHHQ D
SXUHVWDWLVWLFDODSSURDFKDQGFRPSOH[SDUDPHWULFPHFKDQLFDOPRGHOVRIIUDFWXUH
7KHVHFRQGFRQFOXVLRQUHIHUVWRWKHEHQHILWRIWKHLQWURGXFWLRQRIWKHGHJUDGDWLRQVSHHGLQWKHGHFLVLRQ
IUDPHZRUN LOOXVWUDWHGE\ WKHGLIIHUHQFH LQ WKHGHFLVLRQV LQHDFK OLQHRI WKHGHFLVLRQPDWULFHV(YHQ WKLV
LGHD VHHPV WR EH WULYLDO LWV LPSOHPHQWDWLRQ LQ DQ RSWLPL]DWLRQ IUDPHZRUN OHDGV WR UHDOO\ LQFUHDVH WKH
GLIILFXOW\LQERWKPRGHOLQJDQGVROXWLRQSURFHGXUH
7KH VWUXFWXUDO SURSHUW\ RI WKH RSWLPDO GHFLVLRQ MRLQHG WKH LQWXLWLYH LGHD RI VWUHQJWKHQLQJ WKH
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